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  Global market is flooded with vitamin-enriched foods, mainly beverages. Major vita-
mins for enriching beverages are the antioxidant vitamins A, C and E. Ascorbic acid is 
readily oxidized and lost during storage of the beverages, at rates depending on the con-
ditions of storage. This fact is of great importance for the consumer who must know how 
to store beverages and when to consume them in order to get the maximum benefit of ad-
ded vitamin C. The objective of this paper was to determine the amount of ascorbic acid 
lost in beverages applying different preservation methods and storage condition. Beve-
rage was made in laboratory conditions with synthetic L-ascorbic acid added according 
to the national legislations. After 30 days of storage at 4-8
oC ascorbic acid overall loss 
was from 81.01% to 90.27% in thermally pasteurized samples and from 97.83 % to al-
most complete loss in samples preserved with sodium benzoate.  
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INTRODUCTION 
 
  L-ascorbic acid is largely accepted as additive in human diets because of its anti-
oxidative potential. The richest natural vitamin C sources are fruits and vegetables like 
pepper, rose hip, citrus fruit, and green vegetables. Fruits and vegetables supply more 
than 90% of vitamin C in human diets (1). 
  A high recommendation of daily intake for humans has been suggested, since stress in 
modern life is known to increase the requirement for vitamin C (2). L-ascorbic acid is 
nutrient that besides its vitamin action is valuable for its antioxidant effect, stimulation of 
the immune system and other health benefits, such as prevention of scurvy and mainte-
nance of healthy skin, gums and blood vessels. Vitamin C also reportedly reduces the risk 
of arteriosclerosis, cardiovascular diseases and some forms of cancer.  
  Vitamin C is a generic name for all compounds exhibiting the biological activity of L-
ascorbic acid (AA). AA is the principal biologically active form but L-dehydroascorbic 
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acid (DHA), an oxidation product, also exhibits biological activity (3). Addition of syn-
thetic ascorbic acid increases content of vitamin C, influences maintenance of colour, fla-
vour and universal stability of the food products (fruit juices, beverages, baby food, etc.) 
(4). Natural and synthetic L-ascorbic acids are chemically identical and there are no 
known differences in their biological activities or bioavailability (5). 
  Based on available biochemical, clinical and epidemiological studies, the current 
recommended daily acceptance for ascorbic acid is suggested to be 100-120 mg/day to 
achieve cellular saturation and optimum risk reduction of heart diseases, stroke and can-
cer in healthy individuals (6).  
  As a consequence of the common man’s increasing awareness regarding the im-
portance of vitamin C, the global market is flooded with vitamin-enriched foods, mainly 
beverages. Major vitamins for enriching beverages are the antioxidant vitamins A, C and 
E. Vitamin C is usually added as ascorbic acid  (7, 8). Fortification is a growing trend in 
soft drinks and in the dairy sector, and played a role in 8% of all new food and drink 
products introduced in 2003 (9).  
  L-ascorbic acid application in the food industry increases quality and technological 
properties of food, as well as nutritional value (10).  
  Ascorbic acid is highly sensitive to various modes of deterioration. The main factors 
that can affect ascorbic acid loss include temperature, salt and sugar concentration, pH, 
oxygen, light, metal catalysts, initial concentration of ascorbic acid, the ratio of ascorbic 
acid to dehydroascorbic acid, microbial load and protection by the container (11).  
  The loss of nutritional quality during processing and storage of food has become an 
important problem. Since the discovery of the basic vitamins and their many forms, ef-
forts have been made to retain them in foods during post-harvest, commercial processing, 
distribution, storage and preparation. Vitamin C is usually selected as an index of the 
nutrient quality because of its labile nature as compared to the other nutrients in food (1). 
  The term beverages-soft drink originally applied to carbonated and non-carbonated 
drinks made from concentrates, although it now commonly refers to almost any cold 
drink that does not contain alcohol (12). Ascorbic acid added to beverages is readily 
oxidized and lost during staying, at  a rate depending on the conditions of storage. This 
fact is of great importance to the consumer who must know how to store the beverages 
and when to consume them in order to get the maximum benefit of vitamin C content. 
(13). Determination of the nutrient content of foods is becoming extremely important as 
researchers learn more about the relationship between dietary intake and human health 
(14). 
  Various methods have been reported in the literature for the quantitative deter-
mination of vitamin C in foods or biological fluids. The usual methods include titration 
(AOAC), colourimetric, spectrophotometry, fluorometry, electrophoresis, and high per-
formance liquid chromatography (HPLC). 
  Objectives of this paper were: 
a)  preparation of non-alcoholic beverages in laboratory conditions with addition of 
synthetic ascorbic acid and two methods of preservation; 
b)  analysis of the amount of ascorbic acid loss in samples during 30 days under 
different storage conditions, in closed glass bottles, storage in the refrigerator, 
and in the dark at room temperature and in a thermostat at 37
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EXPERIMENTAL 
 
Materials 
 
  Beverage preparation.  Beverage was prepared by diluting commercial beverage 
concentrate (Aretol no. 72 408, Celje, Slovenia) in water in a ratio 3:97. Sugar was added 
like inverted syrup (dry matter content in the final product about 9.5 %), and then citric 
acid was added to get appopriate sensory characteristics. There were alltogether prepared 
12 samples. Ascorbic acid was added in two concentrations: 100 mg/l and 150 mg/l. For 
thermal pasteurisation were transferred into 200 ml glass bottles, second part of samples 
were first preserved with sodium benzoate and than transferred into 200 ml glass bottles.  
 Preservation.  Twelve samples (with both AA added concentrations) were divided in 
two parts:  
a)  One part was thermally treated (pasteurisation). Thermal pasteurisation condi-
tions (85
oC, 15 minutes) were selected to be the same as in a conventional 
pasteurisation of industrially produced beverages. 
b)  The other part was preserved with sodium benzoate in concentration of 130 mg 
/l, in the final product, which is in accordance with national legislations (15). 
 
  Shelf-life study. Samples of beverages thermally pasteurised or preserved with sodi-
um benzoate were stored in three different temperatures conditions: refrigerator (4-8
oC), 
room temperature (20-22
oC), and in a thermostat at 37
oC. Samples were evaluated after 
30 days of storage,  by measuring ascorbic acid content. 
 
Method 
 
  Determination of L-ascorbic acid. Ascorbic acid content was determined using co-
lourimetric method. L-ascorbic acid reduces the tetrazolium salt MTT (3-(4,5-dimethyl-
thiazolyl-2)-2,-diphenyltetrazolium bromide) in the presence of the electron carrier PMS 
(5-methylphenazinium methosulphate) at the pH 3.5 to a formazan (MTT-formazan), 
which is determined by measuring absorbance at 578 nm. Under the conditions stated in 
this procedure, assay is specific for L-ascorbic acid. The L-ascorbic acid content of these 
clear solutions was determined without any sample treatment. The detection limit of the 
method was 0.175 mg/l. 
  Each value was measured in triplicate and averaged with standard deviation. 
 
 
RESULTS AND DISCUSSION 
 
  According to our results pasteurisation method had high influence on vitamin C 
content. Thermal pasteurisation gradually decreased L-ascorbic acid content. Ascorbic 
acid contents immediately after thermal pasteurisation in samples with 150 mg/l and 100 
mg/l of added vitamin C, were 37.66 mg/l and 25.84 mg/ respectively (Table 1). 
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Table 1. Average ascorbic acid content with standard deviation and it loss in samples 
immediately after pasteurisation and preservation 
 
Ascorbic acid content (mg/l)  Samples 
Pasteurisation  Sodium benzoate preservation 
100 mg/l added ascorbic acid  25.84 ± 3.58  71.19 ± 8.02 
150 mg/l added ascorbic acid  37.66 ± 2.98  113.40 ± 8.35 
 
  According to Blasco et al. (2004), there are two different rates of ascorbic acid degra-
dation observed during the heating process: an aerobic degradation followed by an anae-
robic degradation. In the beginning of the heating process oxygen remains in the bottle 
and therefore aerobic degradation of the ascorbic acid with oxygen in abundance takes 
place. With prolonged time of heating the atmosphere in the bottle becomes saturated 
with vapour, so that the oxygen concentration is minimal and the ascorbic acid is degra-
ded anaerobically (16). 
  During the preservation of beverages with sodium benzoate the loss of added ascorbic 
acid was much lower than in thermally treated samples. Immediately after preservation, 
the loss of ascorbic acid in samples with sodium benzoate was 24.40 % and 28.81 % for 
samples with 150 mg/l and 100mg/l added ascorbic acid, respectively. 
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Fig. 1. Ascorbic acid loss immediately after the two methods of preservation 
 
Table 2. Average ascorbic acid content (mg/l) with standard deviations in the beverages 
after 30 days of storage at 4-8, 20-22 and 37
oC 
 
Pasteurisation  Preserved with sodium-benzoate  Storage 
temperature  AA 
150 mg/l 
AA 
100 mg/l 
AA 
150 mg/l 
AA 
100 mg/l 
4-8
oC  28.37 ± 1.26  2.17 ±  0.30  14.6 ± 1.99  0.43 ± 0.08 
20-22
oC nd*  nd  nd  nd 
37
oC nd  nd  nd  nd 
*nd - not detected; AA- ascorbic acid APTEFF, 40, 1-220 (2009)   UDC:  663.86:577.164.2:663.053 
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Fig. 2. Ascorbic acid loss after 30 days of storage in a refrigerator (4-8
 oC) 
 
  Storage temperature had a great influence on ascorbic acid loss. After 30 days of sto-
rage at room temperature (20-22
oC) and in thermostat at 37
oC ascorbic acid was not de-
tected in any sample. After 30 days of storage at 4-8
oC and thermal pasteurisation the 
overall loss of ascorbic acid was 81.01 % in samples with 150 mg/l added ascorbic acid, 
and 97.83 % in samples with 100 mg/l added ascorbic acid. In the beverages preserved 
with sodium benzoate after one month of storage at 4-8
oC ascorbic acid overall loss was 
from 90.27 % in samples with added concentration of 150 mg/l to almost complete loss 
for samples with 100 mg/l of added ascorbic acid (Fig. 2). Heating method had a definite 
influence on the retention of ascorbic acid. According to Vikram et al. (2005), by each 
heating method of orange juice, temperature had a greater influence and the degradation 
was rapid at higher temperatures (17).  
  The decrease of ascorbic acid concentration to levels unacceptable by declaration or 
industrial practise often defines the product shelf life. During storage, the vitamin C con-
tent gradually decreases at a rate depending on the processing and storage temperature. 
The more rapid decrease of ascorbic acid concentration at the beginning of the storage 
can be attributed to the immediate reaction of an amount of ascorbic acid with the dissol-
ved oxygen (18).  
  Degradation of ascorbic acid both by aerobic and anaerobic pathways depends upon 
many factors such as oxygen, heat, light, storage temperature and storage time. Oxidation 
of ascorbic acid occurs mainly during the processing, whereas, anaerobic degradation of 
vitamin C mainly appears during storage, which is especially observed in thermally pre-
served juices (10). 
 
CONCLUSION 
 
  The decrease of vitamin C content to levels unacceptable by declaration or industrial 
practise often defines product shelf-life. During storage, the vitamin C content gradually 
decreases at a rate depending on processing and storage temperature. The more rapid de-
crease of ascorbic acid concentration at the beginning of the storage can be attributed to 
the immediate reaction of an amount of ascorbic acid with the dissolved oxygen (18).  APTEFF, 40, 1-220 (2009)   UDC:  663.86:577.164.2:663.053 
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  According to Blasco et al. (2004) there are two different rates of ascorbic acid de-
gradation observed during the heating process: an aerobic degradation, followed by an 
anaerobic degradation. In the beginning of the heating process oxygen remains in the 
bottle and therefore aerobic degradation of the ascorbic acid with oxygen in abundance 
takes place. With prolonged time of heating, the atmosphere in the bottle becomes satu-
rated with vapour, so that the oxygen concentration is minimal and the ascorbic acid is 
degraded anaerobically (16).  
  The experiments have shown that L- ascorbic acid added like additive in non-alco-
holic beverage is extremely unstable in water solution. The samples with a lower initial 
content of ascorbic acid lose it faster than those with a greater content. Ascorbic acid loss 
was greater in preserved than in pasteurised beverages.  It should be recommended  that 
beverage with ascorbic acid added should be consumed after preparation with no long 
time of storage. 
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УТИЦАЈ МЕТОДЕ КОНЗЕРВИСАЊА И УСЛОВА СКЛАДИШТЕЊА НА 
ГУБИТАК АСКОРБИНСКЕ КИСЕЛИНЕ У ОСВЕЖАВАЈУЋИМ 
БЕЗАЛКОХОЛНИМ ПИЋИМА 
 
Биљана Р. Цветковић и Марија Р. Јокановић 
 
  Светско тржиште је преплављено витамински обогаћеним производима, углав-
ном  освежавајућим  безалкохолним  пићима.  Најчешће  се  производи  обогаћују 
антиоксидантима, односно витаминима А, Ц и Е. Л-асакорбинска киселина у осве-
жавајућим безалкохолним пићима врло брзо оксидише и разлаже се током скла-
диштења, у зависности од услова чувања. Ова чињеница је од велике важности за 
потрошаче који треба да знају како да чувају и када да конзумирају освежавајућа 
безалкохолна пића (која су обогаћена аскорбинском киселином) у циљу максимал-
не користи од додатог витамина Ц. Задатак овог рада је био мерење опадања кон-
центрације витамина Ц у узорцима током различитих услова скледиштења. Осве-
жавајуће безалкохолно пиће је припремљено у лабораторијским условима у складу 
са  важећим  Правилником,  уз  додатак  синтетске  Л-аскорбинске  киселине.  Током 
складиштења од 30 дана на температури од 4-8
оС губитак аскорбинске киселине је 
81.01- 97.83% у пастеризованом узорку пића, а у конзервисаном 90- 99%. 
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